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The second Stokes problem about behaviour of rarefied gas fihing 
half-space is analytically solved. A plane, limiting half-space, makes 
harmonious fiuctuations in the plane. The kinetic BGK-equation (Bhat- 
nagar. Gross, Krook) is used. The boundary accomodation conditions 
of Cercignani of refiexion gaseous molecules from a wall are considered. 
Distribution function of the gaseous molecules is constructed. The velocity 
of gas in half-space is found, also its value direct at a wall is found. 
The force resistance operating from gas on border is found. Besides, 
the capacity of dissipation of the energy falling to unit of area of the 
fiuctuating plate limiting gas is obtained. 
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AnajiHTHHecKH pemena BTopaa sa^a^a CxoKca o noBefleuHH paspe- 
jKCHHoro rasa, sanojiHsiioinero nojiynpocTpancTBO. Hjiockoctb, orpann- 
HHBaioinasi nojiynpocTpancTBO, coBcpmacT rapMOHHHecKne KOJie6aHH5i b 
CBoen njiocKOCTH. HcnojibsycTCsi KHHCTHHecKoe BrK-ypaBHCHHe (BxaT- 
narap, Fpocc, Kpyx). PaccMaTpuBaiOTCsi rpaHHHHbie aKKOMOflan,HOHHbie 
ycjiOBH5i HepHHHbHHH 0Tpa>KeHH5i MOJiCKyji rasa ot ctchkh. HocTpoeHa 
4)yHKn,H5i pacnpeflejieHH5i rasoBbix MOJiCKyji. HaHflena CKopocTb rasa 
B nojiynpocTpancTBe, 0TbiCKHBaeTC5i ee SHaHCHHe HenocpeflCTBCHHO y 
CTCHKH. HaH/],eHa CHjia conpoTUBjienHH, /],eHCTByion],aH co CTopoHbi rasa 
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Ha rpaHHi],y. KpoMe Toro, OTbiCKHBaeTC^^ moiuhoctb flHCCHnaii,HH snep- 
THH, npHxofl5iinaj5C5i Ha e/],HHHi],y njioma^H KOJie6jiK)ii],eHC5i njiacTHHbi, 
orpaHHHHBaioineH ras. 

KjiioHeBbie cjioBa: co6cTBeHHbie pemeHH5i, HenpepbiBHbiii h ^hc- 
KpeTHbiH cneKTp, TOHHoe peniGHHe, CKopocTb rasa, CHjia TpeHH5i, ahcch- 
nai],H5i SHeprHH. 

BBE^EHHE 

BnepBbie sa^ana o noBe/],eHHH cnjioniHOH cpej\hi na/i, CTeHKoii, ko- 
jie6jiiomeHC5i b CBoefi njiocKOCTH, 6bijia paccMOTpena ^>k. F. Ctokcom 
[I] B cepe^HHe XIX CTOJieHHH. CefiHac TaKyio sa^aHy HasbmaiOT BTopoft 
saflaneft CTOKca [21-[B]- 

Sa^a^a o noBe;],eHHH rasa Ha/i, flBH>Kyn],eHC5i noBepxHOCTbio b nocjie/i,- 
HHe roflbi npHBjieKaeT npncTajibHoe BHHiviaHHe [2]-[B]- 9to CBHsano c 

paSBHTHeM COBpeMeHHblX TeXHOJIOrHH p], B HaCTHOCTH, TeXHOJIOrHH Ha- 

HopasMepoB [3], [ij. B [2]-|IB] 3Ta sa^a^a pemajiacb HHCjieHHbiMH hjih 

npH6jIH>KeHHbIMH MeTOflaMH. 

noflpo6Ha5i HCTopHH 3T0H npo6jieMbi HSJio^Kena b [H] h [S]- 
B /],HccepTari,HH [S] 6bijiH npefljio>KeHbi ^Ba pemenHH BTopoft sap^a- 
HH CTOKca, yHHTbmaiomHe bgcb bosmo^khbih flnanasoH K03(|)(|)Hri,HeHTa 
aKKOMOflan,HH TaHreHri,HajibHoro HMnyjibca. 3th pemeHHH OTBenaiOT co- 
OTBeTCTBeHHO rHflpoflHHaMHHecKOMy H KHHeTHHecKOMy onHcaHHK) noBe- 
p^enw rasa na/i, KOJie6jiioni,eHC5i noBepxHOCTbio b pe>KHMe co CKOJib>Ke- 

HHeM. 

B HaniHx pa6oTax flji5i BTopoft sa^aHH CTOKca OTbicKHBaiOT- 

C5i co6cTBeHHbie (|)yHKri,HH H cooTBeTCTByioni,He co6cTBeHHbie snanenw^ 
OTBenaiomHe KaK ^HCKpeTHOMy, Tax h nenpepbiBHOMy cneKTpaM. Hc- 
cjie/],OBaHa CTpyKTypa flHCKpeTHoro h nenpepbiBHoro cneKTpoB. PasBH- 
BaeTCJ5 MaTeMaTHHecKHH annapaT, HeoGxoflHMbift p^jiii anajiHTHHecKoro 
pemeHH5i sa^aHH h npHjio>KeHHH. ^aeTC5i anajiHTHHecKoe pemeHHe pac- 

CMaTpHBaeMOH Sa^aHH C flH4)4)ySHbIMH rpaHHHHblMH yCJIOBHJ^MH. 

B HacT05ini,e{t pa6oTe CTpoHTCsi anajiHTHHecKoe pemeHHe BTopoft sa- 

P^SlHH CTOKCa C aKKOMOflaH,HOHHbIMH rpaHHHHblMH yCJIOBHJ^MH HepHH- 
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HbHHH [12] . Ha ocHOBe aHajiHTHHecKoro pemeHHH BbinHCJiaeTC^^ CKopocTb 
rasa b nojiynpocTpancTBe h Henocpe^CTBeHHO y KOJie6jiioineHC5i rpaHH- 
ii,bi, HaiifleHa CHjia TpeHHsi, fleftcTByioinaj^ co CTopoHbi rasa na KOJie6jiio- 
myiocsi njiacTHHy, a TaK>Ke HaxoflHTC5i flHCCHnan,H5i sneprHH njiacTHHbr 



riycTb paspe>KeHHbm oflHoaTOMHbm ras saHHMaeT nojiynpocTpancTBO 
X > Ha/i, njiocKOH TBep/],OH noBepxHOCTbio, jie>Kan],eH b njiocKOCTH 
X = 0. rioBepxHOCTb [y, z) coBepmaeT rapMOHH^ecKHe KOJie6aHH5i B/],ojib 
OCH y no saKOHy Us{t) = uqc^^^^. Tpe6yeTC5i nocTpoHTb 4)yHKn,HK) pac- 
npe^ejienHH rasoBbix MOJieKyji /(t, x,v), HaiiTH CKopocTb rasa Uy{t^x) 
H ;],pyrHe MaKponapaMeTpbi sa^aHH: CHjiy TpeHH5i h Moni,HOCTb flHCcnna- 
n,HH SHeprHH. JlHHeapHsari,HH sa^aHH npoBeflena npn ycjiOBHH, hto cko- 
pocTb rasa MHoro MeHbme TenjiOBon: \uy{t^ x) \ <C vt-, r/],e vt = ~ 
TenjiOBasi CKopocTb MOJieKyji [13 = m/{2kT))^ HMeiomaH nop^flOK cko- 
pocTH SByKa. 3/],ecb m - Macca MOJieKyjibi rasa, T - ero TeivmepaTypa, 
k - nocT05iHHa5i Bojibn,MaHa. 

OyHKri,H5i pacnpeflejieHH5i Hni,eTC5i b bh^g / = /o(l + (pe~'^^*)^ r^e 
/o - a6cojiK)THbiH MaKCBejiJinaH, /o = n(/3/7r)^/^ exp(— /^-u^), n - koh- 
n,eHTpan,HH (nHCJiOBasi njiOTHOCTb) rasa. PaccMOTpHM jinneapHSOBaHHoe 
KHHeTHHecKoe ypaBHeHHe 



Sflecb ly = 1/t - nacTOTa CTOJiKHOBenHH rasoBbix MOJieKyji, r - Bpe- 
Me>Kfly pfiyMii nocjieflOBaTejibHbiMH CTOJiKHOBeHHHMH MOJieKyji. Koh- 

n,eHTpan,H5i rasa h ero TeivinepaTypa CHHTaiOTca nocToaHHbiMH b jiHHea- 

pHSOBaHHOH nocTanoBKe sa^aHH. 

BBe^eM 6espasMepHbie CKopocTH h napaMeTpbi: SespasMepnyio cko- 

pocTb MOJieKyji: C = \^v, GespasMepnyio MaccoByio CKopocTb Uy{t, x) = 



1. nOCTAHOBKA SA^AHH 





r^e Wy(t, x) - CKopocTb rasa, 
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\^Uy{t, x), 6e3pa3MepHbie Koop^HHaTy h Bpeusi xi = v\f^x\ n ti = ut 
H 6e3pa3MepHyK) CKopocTb K0Jie6aHHH njiacTHHbi Us{t) = ^7oe~*'^^ r^e 
^0 = V^uq - 6e3pa3MepHa5i aMnjiHTy^a CKopocTH K0Jie6aHHH rpaHH- 
ii,bi nojiynpocTpancTBa. Tor^a ypaBHGHHe (1.1) mojkgt 6biTb 3anHcaH0 b 
BHfle: 



+ ^o<^(^i' C) = 2C,[/y(ti, xi), (1.2) 



dip 
dx\ 

V]\Q Zo = 1 — iaJi,C<Ji = UJT = (jj/v^ 

-iujiti r 

Uyih, xi) = I exp{-C^)Cyip{xi, C)d'C. (1.3) 

C noMombK) (1.3) ypaBHeHHe (1.2) 3anHCbiBaeTCH b BH^e: 

+ zo^ixi, C) = ^J expi-C'')C'yip{xi, C) d'C. (1.4) 

CcJiopMyjiHpyeM aKKOMOflai],HOHHbie rpaHHHHbie ycjiOBH5i HepHHHbH- 
HH [12], 3anHcaHHbie OTHOCHTejibHO (|)yHKi],HH (p{xi^ C): 

ip{0,C) = 2Cy[Uoq^d], >0, (1.5) 

2d J foCC'yd'C 

l-q = , (1.6) 

/ foip{0,C)CCyd'C 

c,<o 

ip{xi^ +oo,C) = 0. (1.7) 

Sflecb q - K034)4)Hi],HeHT aKKOMo;];ai],HH, ^ q ^ l^d - HeH3BecTHa5i 
nocTOHHHaH, nofljie>Kama5i Haxo>K/],eHHK) h3 ycjiOBHii sap^aHR. 

HxaK, rpaHHHHa^^ 3aflaHa o KOJie6aHH5ix ra3a c4)opMyjiHpoBaHa noji- 

HOCTbK) H COCTOHT B pemeHHH ypaBHGHHJ^ (1.4) C rpaHHHHblMH yCJIOBH- 
5IMH (1.5)-(1.7). 

Cjiefljsi HepHHHbHHH [12], hojio^khm flajiee (p = Cyh{xi^ fi), fi = C^. 
YpaBHeHHe (1.4) ynpon^aeTCH npn stom h npHHHMaeT bh/i,: 

00 

/i— y ZQh{xi^ ^) = —= I exp{—fi''^)h{xi, fi')dii' . (1-8) 



dxi a/tt 



-oo 
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FpaHH^Hbie ycjiOBHH TaKJKe ynpomaiOTCil: 

h{0,ii) = 2{Uoq + d), II >0, (1.9) 



00 



j e-/^>(0,//)c?// = g(t^o- Y^). (1.10) 



-00 



h{+oo,ii) = 0. (1.11) 
JJ^ajiee 6yfleM pemaTb sa^any (1.8)-(1.11). 

2. COBCTBEHHblE PEmEHH5I 

Pasflejienne nepeMGHHbix b ypaBHeHHH (1.8) ocymecTBjiiieTCH cjieflyio- 
meft noflCTanoBKoii 

hrjixi.fi) =exp(^-^^^^{j],li), (2.1) 

r^e T] - napaMGTp pas^ejieHHii, hjih cneKTpajibHbiii napaivieTp. 

IIoflCTaBjiHH (2.1) B ypaBHeHHe (1.8) nojiynaeM xapaKTepncTHHecKoe 
ypaBHeHHe 



00 



(77 - iiMt], ii) = / exp(-//'')$(77, ii')dii'- (2.2) 

— oo 

ECJIH npUHHTb HOpMHpOBKy 

00 

J exp{-fi'')^{r],ii')dfi' = ^0, (2.3) 



— oo 



TO ypaBHeHHe (2.2) HMeeT pemenne 

$(77, fi) = -^VP^ + e^'Xiri)Sir] - //), (2.4) 

r^e —00 < T], fi < +00. 

3p,ech6{x) - flejibTa-4)yHKu,H5i /],HpaKa, chmboji Px~^ osnanaeT rjiaB- 
Hoe sna^eHHe HHTerpajia npn HHTerpHpoBannn x^^^ X{z) - p;acnepcm- 
OHHaH 4)yHKLi;H5i, BBefleHHaa paBencTBOM X{z) = —icui + Ao(2;), r^e 



00 



1 f e ^ rdr 

XqU) = 



7T J T — Z 

00 
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Co6cTBeHHbie (J)yHKLi;Hn (2.4) nasbmaiOTCii co6cTBeHHbiMH d^yHKu^nsi- 
MH HenpepbiBHoro cneKTpa, h6o cneKTpajibHbiii napaMexp r] nenpepbiB- 

HblM 06pa30M 3anOJTH5ieT BCK) flGHCTBHTejIbHyiO np5iMyK). 

TaKHM o6pa30M, coGcTBenHbie pemeHHH ypaBHeHHH (2.3) HMeiOT Bnp, 
^o) —F^vP \-exp{r]'^)X{r])S{r]-fi) . (2.5) 

rj / ly/TT T] — /J, J 

Co6cTBeHHbie pemenw (2.5) OTBGHaiOT nenpepbiBHOMy cneKTpy xa- 
paKTepHCTHHecKoro ypaBHennH, h6o cneKTpajibHbii! napaivieTp nenpe- 
pbiBHbiM o6pa30M npo6eraeT bcio ^HCJiOByio npHMyio. Ho ycjiOBHio 3a- 
fla^H Mbi HmeM pemeHHe, HeB03pacTaK)iii;ee B^ajin ot cxeHKH. B cb5I3h 
c 9THM cneKTpoM rpaHHMHOH 3afla^H 6yj\eM Ha3biBaTb nojiojKHTejibnyio 
fleftcTBHTejibHyio nojiyocb napaMexpa 77. 

HpHBe^eM 4)opMyjibi Coxou^Koro ^jih ^HcnepcHOHHoi! 4)yHKi],HH: 

00 2 

Ao(//) = ^ / , s{ii) = iV7r//e~^'. 

yjTl J T - II 


Pa3Ji05KHM flHcnepcHOHHyio 45yHKD;Hio B piifl Jlopana no OTpHD;aTejib- 
HbiM CTeneHHM nepeMenHoro z b OKpecTHOCTH 6ecK0HeHH0 yflajienHoii 
tomkh: 

A(.) = -^a;i-^-^-g-^----, .^00. (2.6) 

H3 pa3JI05KeHH5I (2.6) BHflHO, MTO npH MajIblX 3Ha^eHH5IX UJi flHcnep- 

CHOHHaH 4)yHKD;H5i HMeeT flBa OTjiH^aioinHecii jinmb 3HaKaMH KOMnjieKCHO- 
3HaHHbix HyjiH H — 77oj npHHeM 

77o>i) = ;i^, Re77o°>0. (2.7) 



OtckijIQ, bh;];ho, hto npn cJi — )■ 06a nyjiH ;];HcnepcHOHHOH (|)yHKD;HH 
HMeiOT npe^ejiOM Oflny 6ecK0HeHH0 y^ajieHHyio TOHKy rn = 00 KpaTHO- 
CTH (nopHflKa) flBa. 
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BBe^eM BbiflejieHHyK) ^acTOTy K0Jie6aHHH njiacTHHbi, orpaHHHHBaio- 
meii ras: 

cji* = max \ -Xlia) + s'^iu) ^ 0.733. 
^ 0</i<+oo V "^"^^ ^"^^ 

3Ty HacTOTy K0Jie6aHHH Gyp^eu nasbiBaTb KpumuuecKou. Bbefleivi hh- 

oo 

fleKC sa^aHH x = = ^argG(t) , r/],e G{t) = A+(t)/A"(t). 

B [2] noKasano, hto b cjiyHae, Kor/],a HacTOTa K0Jie6aHHH njiacTHHbi 
MeHbine KpHTHHecKOH, T.e. npn ^ a; < oj^, HH^eKC 4)yHKii,HH G{t) 
paBeH e/],HHHii,e. 9to osnaHaeT [9], hto hhcjio KOMnjieKCHbix nyjieft ahc- 

nepCHOHHOft 4)yHKI],HH B njIOCKOCTH C paSpeSOM BflOJIb flefiCTBHTejIbHOH 
OCH, paBHO AByM. 

B cjiy^ae, Kor^a nacTOTa K0Jie6aHHH njiacTHHbi npeBbimaeT kphth- 
HecKyio (cj > ul) HH^eKC (|)yHKLi,HH G{t) paBeH nyjiio: = 0. 3to 

osHaHaeT, hto flHcnepcHOHHaa 4)yHKii,H5i He HMeeT nyjieft b BepxHeft h 
HH>KHeH nojiynjiocKOCT5ix. B stom cjiy^ae ^HCKpeTHbix (^acTHbix) pe- 
meHHH HCxoflHoe ypaBHeHHe (1.8) ne HMeeT. 

TaKHM o6pa30M, flHCKpeTHbiii cnexTp xapaKTepncTH^ecKoro ypabne- 

HH5I, C0CT05IIHHH H3 Hyjiefi flHCnepCHOHHOH 4)yHKII,HH, B CJiy^ae ^ CJi < 
Ul eCTb MHO>KeCTBO H3 flByX TOHeK r/0 H —IjQ. ripH CJi > Ul flHCKpeT- 

Hbiii cneKTp — sto nycToe MHO>KecTBO. HpH ^ oji < a;^ co6cTBeH- 

HblMH 4)yHKLl,H5IMH XapaKTepHCTHHeCKOrO ypaBHeHHH 5IBJiaK)TC5I cjiefly- 

lomne /],Ba pemeHH5i xapaKTepncTHHecKoro ypaBHeHH5i: 

${±,„,M) = ^-^. 

rio/i, 7/0 6yfleM noHHiviaTb tot h3 Hyjieii /],HcnepcHOHHOH 4)yHKij,HH, 
KOTopbiH o6jia/],aeT cbohctbom: Re [(1 — iuJi)/r]Q] > 0. JJ^jisi SToro nyjisi 
y6biBaK)mee co6cTBeHHoe pemeHHe ypaBneHHH (1.8) HMeeT bh^ 



h^A^i.lj) = exp ( - ^i^)$(T/o,/i). 



^0 ^ 

3to 03HaHaeT, hto flHCKpeTHbift cneKTp paccMaTpHBaeMoii rpaHHHHoft 

3a/],aHH COCTOHT H3 OflHOH TOHKH T/q B CJiyHae < CJi < U)\. IIpH CJi — > 

o6a Hyji5i, KaK y>Ke yKa3biBajiocb Bbime, nepeMemaK)TC5i b ojXRy h Ty >Ke 
6ecK0HeHH0 yflajieHHyio TOHKy. 9to 3HaHHT, hto b stom cjiy^ae flHCKpeT- 
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Hbiii cneKTp xapaKTepncTH^ecKoro ypaBHenHii coctoht h3 OflHoft 6ecK0- 
He^HO y^ajieHHOH tohkh KpaTHOCTH flBa h 5iBji5ieTC5i npncoeflHHeHHbiM k 
HenpepbiBHOMy cneKTpy. 9tot cneKTp 5iBji5ieTC5i TaKJKe h cneKTpoM pac- 
CMaTpHBaeMOH rpaHHHHoii sa^aHH. O^HaKO, b stom cjiy^ae ^HCKpeTHbix 
(nacTHbix) pemeHHH poBHO flBa: hi{xi, fi) = 1 n h2{xi, fi) = Xi — ji. 

3. AHAJIHTHHECKOE PEIQEHHE EPAHMMHOH 

CocTaBHM o6iri,ee pemeHne ypaBneHHsi (1.8) b BH^e cyMMbi nacTHoro pe- 
meHH5i, y6biBaiomero B/],ajiH ot ctghkh, h HHTerpajia no nenpepbiBHOMy 
cneKTpy ot co6cTBennbix pemennn, OTBenaK)U],Hx nenpepbmnoMy cneK- 
Tpy: 

oo 

h{xi,ii) = aoexp - ^^^$(7yo,/i) + J exp ^^^^^{t], ii)a{r])dT]. 



(3.1) 

3flecb ttQ - HensBecTHbiii nocTOflnnbiii K034)4)Hn,HenT, nasbiBaeMbiii ko- 
34)4)Hn,HenTOM ^ncKpeTnoro cneKTpa, npnncM npn x = stot ko34)4)h- 
n,HenT paBcn nyjno, a{r]) - nensBecTnaa 4)ynKn,H5i, nasbmaeMaa ko34)4)h- 
u,HeHTOM nenpepbiBHoro cncKTpa, $(ry,//) - co6cTBeHHbie 4)yHKu;HH xa- 
paKTepncTH^ecKoro ypaBnennii, OTBeHaionj;He nenpepbiBHOMy cneKTpy n 
HopMnpoBKC (2.3). OyHKu;H5i a{r]) nofljiejKHT naxo^Kflennio ns rpannn- 
HblX yCJIOBHH (1.9)-(1.11). 

Pasjio^Kenne (3.1) mojkho npe^CTaBHTb b 5ibhom Bn^e: 

h{xi,ii) = —=r- -exp + 

V7r(77o - IJ) V r]Q J 

oo 

+^ / exp + exp + // ]\{^)a[^)e+{fi), 



(3.2) 

rfle ^+(/i) - 4)yHKu;H5i X3BHcaH;];a, ^+(//) = 1,// > 0, ^+(yu) = 0, /i < 0. 

OneBH^HO, HTO pasjiojKenne (3.2) aBTOMaTnnecKH y^OBjiCTBopsieT rpa- 
nnnnoMy ycjiOBHio (1.11) B^ajin ot CTcnKH. rioflCTaBHM pasjio^Kcnne 



9 



(3.2) B rpaHHHHoe ycjiOBHe (1.10). HojiyHaeM oflHOCTopoHHee CHHryjiap- 
Hoe HHTerpajibHoe ypaBHeHne c sippoM KoniH 



00 



1 



r]a{r])dr] 





-exp{fi^)X{fi)a{fi)6+{fi) = 2{Uoq+d)^ /i > 0. 



BBe^eM BcnoMoraTejibHyio 4)yHKii,HK) 

oo 

r]a{r])dr] 



T] — Z 



(3.3) 



(3.4) 



Ilojibsysicb 4)opMyjiaMH Coxoii,Koro p^ji^i BcnoMoraTejibHoft h ^Hcnep- 
CHOHHoii 4)yHKi],HH, OT ypaBHeHH5i (3.3) npHxoflHM K KpaeBOMy ycjiOBHK): 



A+(/i) 



N+{ii)-2{Uoq^d) 



= A-(Ai) 



N-{ii)-2{UQq + d) + 



= 0, /i > 0. (3.5) 



PaccMOTpHM cooTBeTCTByKDmyK) OflHopoflHyK) KpaeByio 3duj\du^y Ph- 
Mana: 



X+(/i) = G(/i)X-(/i), 



/i > 0. 



(3.6) 



PemeHHe saflann PniviaHa 6bijio paccMOTpeHO b [TD] h ^aeTCH HHTe- 
rpajiOM THna Kohih: 

(3.7) 



X(z) = 4expy(z), 



Tj\e V{z) noHHMaeTC5i KaK HHTerpaji THna KoniH 



y(z) = - f [g(^) - ^^]dr 
7T J r — z 





(3.8) 



rfle 



Qir) 



InG(r) argG(r) 



ln|G(r)|. 



2i 2 2 

riofl In G{t) nonHMaeTC5i rjiannoe snanenne jiorapH4)Ma In G{t) = In |G'(r) |+ 

i argG(r), 4)HKCHpoBaHHoe b nyjie ycjiOBHeM InG'(O) = 0. SaMeTHM, hto 

aBTOMaTHHecKH BbinojiH5ieTC5i ycjiOBHe lnG'(+oo) = ^argG(+oo). 
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BepneMCH k pemeHHio Heo;];HopoflHoii saflann (3.5), npeflBapHTejibHO 
npeo6pa30BaB c noMOinbio (3.6) ee k BH^y: 



N+ifi)-2iUoq + d) + 



-X-(/x) 



N- ifx) - 2iUoq + d) + 



r]oao 



= 0, fj,>0. (3.9) 



V^im - At). 

yHHTbiBa5i noBeflGHHe Bcex Exo^Hmnx b KpaeBoe ycjiOBHe (3.9) 4)yHK- 
i],HH B KOMnjieKCHOH njiocKOCTH H B 6ecK0HeHH0 y^ajieHHoii TOHKe nojiy- 
^aeM c noMombK) paBencTB (3.7) h (3.8) o6iii;ee pemeHne, h3 KOToporo 

HaXOflHM 



Niz) = 2(t/og + d) + 



rjoao 



1 



2: -770 



(3.10) 



V7r(2; - r/o) X(z) 

r/],e Co, Ci - npoHSBOJibHbie nocTOHHHbie, npHHeM npn x = Ci = 0, a 
npH X = 1 Co = 0. 

IlycTb X = 1. Hx ycjiOBHii N[oo) = naxo^HM, hto Ci = — 2(?7oQ + 
d). IIojiioc B TO^Ke 7^0 y pemeHHii (3.10) ycTpaHHM ycjiOBneM ao^o/-\/7r + 
Ci/X(77o) = 0, H3 KOToporo Haxo^HM: 

20F(^og + ^) ..^^x 

^0 = ^77 — ^ • i3.iij 

^o^(^o) 

J^Jin Haxo5KfleHH5i K094)4)HLi;HeHTa HenpepbiBHoro cneKxpa Bocnojib- 
syeMCii 4)opMyjioii Coxoi];Koro ^jih (|)yHKi],HH (3.4): 



N+ifi) - N-{iJ,) = 2y/7TiiJ,a{iJ,), // > 0. 



(3.12) 



HaiifleM rpaHHHHbie SHaneKHH pemeHHH (3.10) CBepxy h cHHsy na 
fleiicTBHTejibHOH nojiyocH h noflCTaBHM hx b paBencTBO (3.12). HaxoflHM, 

^TO 

1 1 



^/^^i'r]a{T]) = i{UQq+d) 
r^e 



,X+(^) X-(/i) 



= 2(?7og+d)^^^, (3.13) 



Cirj) = q{T]) -TTK, x = 0,l. 

B cjiy^ae x = 0, KaK neTpyflHO BH^eTb, K094)45HD;neHT a(ry) Bbmncjiii- 
eTCH TaKJKe no 4)opMyjie (3.13). 
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Ko34)4)Hii,HeHTbi flHCKpeTHoro H HenpepbiBHoro cneKTpoB pa3Jio>Ke- 
HH5I (3.1) (hjih (3.2)) HaftfleHbi h onpe^ejiHiOTCH paBencTBaMH (3.11) h 
(3.13). Ha 3T0M STane ^OKasaTejibCTBO pa3Jio>KeHH5i (3.1) (hjih (3.2)) 
saKOHHeno. 

OcTaeTC5i HaiiTH HOCT05iHHyio Bxofl5im,yio b rpaHHHHoe ycjiOBne 
(1.5) (hjih (1.10)). HaM HOHaflo6HTC5i nepBbift MOMeHT 4)yHKn,HH pacnpe- 
flejieHHJ5, KOTopbiH HaxoflHM c HOMom,bK) xapaKTepHCTHHecKoro ypaBHG- 

HH5i: 



00 



-oo 



C HOMom,bio flHCHepcHOHHoro ypaBHeHHH anajiornHHO ycTanaBjinBaeTCsi 
paBencTBo: 



CX3 



-oo 



rioflCTaBHM pa3Jio>KeHHe (3.1) b rpannHHoe ycjiOBne (1.10). YHHTbiBaH 
flBa npe;],biflyii],Hx pabencTBa, nojiynaeivi ypaBHeHne: 

CJO 



/d 
r]a{r])dr] = -q(Uo - (3-14) 



IlycTb X = 1. lIoflCTaBHM (3.11) H (3.13) b ypaBEGHHe (3.14). IIojiyHaeM 
ypaBHeHHe: 



iuJi2^/7T{Uoq + d) 



1 



+ 



sin ({r])dr] 
X{r]){r] - r/o) 



d 



(3.15) 

HHTerpaji h3 ypaBHeHHH (3.15) mo>kho BbiHHCjiHTb c noMOinbio HHTe- 
rpajibHoro npe/],CTaBjieHH5i hs [10] : 



sin ({r)dT 



X(z 



7T J X{r){r-z) 



(3.16) 



r^e 



oo 



= -i y C{r)dT. 
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C noMOinbK) HHTerpajibHoro npeflCTaBjieHH5i (3.16) ypaBHeHHe (3.15) 
npeBpamaeTCH b ajire6paHHecKoe ypaBHeHHe, h3 KOToporo naxo^HM 

d=^^-^)^^ TTq^ ' 

r^e 

I - q 

Ql = 2^7? iLOi{Vi - T)o). 

Q 

HycTb Tenepb x = 0. PaccyjK/],a5i anajiornHHO h HCHOJibsysi HHTe- 
rpajibHoe npe^CTaBjieHHe h3 |10] : 

oo 

1 If smC(ri)dri 

1 - - / ^, (3.17) 



HOJiynaeM, hto 



r^e 



Xiz) rcj X{rj){rj-z) 



1 — 2-\/7TiujiVi 



d={l-q)U, 



0" 



I — q 

Qo = 2^/7T iuiVi. 

q 

Ha ocHOBaHHH HaHfleHHbix Bbipa>KeHHH flji5i d HOJiynaeM, hto 2Uoq-\- 
d = Uo/{l + Q^),me 

I - q 

= 1 + 2 iuiy/iiiVi — xtt), X = 0, 1. 

4. OyHKll,H51 PACnPE;],EJIEHH51 

YcTaHOBjieHHoe pa3Jio>KeHHe (3.2) osHanaeT, hto 4)yHKH,H5i pacnpe- 
flejieHH5i rasoBbix MOJieKyji HOCTpoena. PaccMOTpHM 4)yHKn,HK) pacnpe- 
flejieHH5i jieT5im,Hx k CTenKe MOJieKyji (/i <)): 



oo 



h(^,, ^) = -..V^ + 1 / ,-...,lnT^, (4.1) 

V7r(T/o - /i) VTT J r/ - ^ 



PaccMOTpHM cjiynaft x = 0. B stom cjiynae h3 (4.1) nojiynaeM: 



oo 
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HJIH, B 5IBH0M BHfle 



oo 





HHTerpaji h3 (4.2) npn xi = bbihhcjihm anajiHTHHecKH c noMombio hh- 
TerpajibHoro npe^CTaBjieHHsi (3.17). B pesyjibTaxe nojiyHaeivi SHaneHHe 
4)yHKn,HH pacnpe^ejieHHH jieTHinHx k CTeHKe MOJieKyji Henocpe^CTBeHHO 
y CTeHKH: 

2U r In 
MO.rt = r^[l-^]. M<0. (4.3) 

B cjiy^ae x = 1 aHajiornnHO paccy>K/],aH, nojiyHaeM: 

2U r 1 

Hyjib ?7o flHcnepcHOHHoii 4)yHKLi,HH h3 (4.4) MO>KeT 6biTb naftfleH h3 4)op- 
Myjibi [TD] 

X{z) = iui{z^ - r]l)X{z)X{-z). (4.5) 
CorjiacHO (4.5) BhiHRCJienuii r]o nojiyHaeivi cjieflyiomee Bbipa>KeHHe: 



^0 = 'I / 



A(z, 



iiOlX{Z:,)X{ — Z:,) 

npHHCM TOHKy p^jisi HHCJieHHbix pacHGTOB yflflGnee 6paTb na mhhmoh 

OCH. 

5. CKOPOCTb rA3A B nOJIYnPOCTPAHCTBE M 
HEnOCPE;];CTBEHHO Y CTEHKH 

BespasMepnaH CKopocTb rasa b nojiynpocTpancTBe BbiHHCji5ieTC5i no 
4)opMyjie: 

HJIH, Hepes 4)yHKD,HK) /i(xi,/i): 

oo 

Uy{ti,xi) = j h{xi, fi')dfi' . (5.1) 

— oo 
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riOflCTaBHM B (5.1) pa3JI0>KeHHe (3.1). BoCnOJIbSOBaBniHCb HOpMHpOBKOft 

(2.3), nojiynaeM: 



20F 



(5.2) 



IIoflCTaBHM B (5.2) K034)4)HLi,HeHTbi flHCKpeTHoro H HenpepbiBHoro cneK- 
TpoB. HaHHeM CO cjiynasi k = \. Tor/],a SespasMepnaH CKopocTb rasa b 
nojiynpocTpaHCTBG paBHa: 



Uy{tl, Xl] 



l + Q; 



-xiZo/r]o 



C{r])dr] 







T]X{r]){T] - r/o) 



(5.3) 

HHTerpaji hs (5.3) mo>kho BbiHHCJiHTb anajiHTHHecKH npn xi = 0. C 
noMombK) npe^CTaBjieHHa (3.16) nojiyHaeivi, hto 



(^2;(^l, 3:1) = ^ . ^ I 1 + 



r/oX(0) 



(5.4) 



Hs 4)0pMyjIbI flJia 4)aKTOpH3aiI,HH flHCnepCHOHHOH 4)yHKII,HH [TD] Ha- 

xoflHM, HTO -^(0) = ^izQlijj\r]\. CjieflOBaTejibHO, jxr-a pasMepnoft cko- 
pocTH rasa hs (5.4) Haxo^HM: 



Wy(ti,0) = wo|^i|e 



-i(witi-9?i) 



(5.5) 



r^e 



= , (/?i = arg^i. 



l + Qi 

ITycTb Tenepb hhagkc sa/],aHH paben nyjiio. rioflCTaBHM (3.1) b (5.2) h 

nOMeH5ieM nOpSIflOK HHTerpHpOBaHHH. SaTCM, HCnOJIbSy5I HOpMHpOBOH- 

Hoe cooTHoniGHHe (2.3), npHxoflHM k paBencTBy: 



Uy{XlM\ 



2v^ 



00 

y exp ^ -zo^a{r])dr]. 



Tenepb BOcnojibsyeMCH 4)opMyjiOH (3.13) /],ji5i K034)4)Hri,HeHTa nenpe- 
pbiBHoro cneKTpa. IIojiyHaeM hto MaccoBaa CKopocTb rasa b nojiynpo- 
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CTpaHCTBe paBHa: 

00 



Uy{xiM) = Uoe"'^'''—^- / exp - -zq — ^dr/. (5.6) 



BbrancjiHM snaHGHHe MaccoBOii CKopocTH Henocpe;];cTBeHHO b6jih3h y 
CTeHKH. JIji^ BbiHHCJieHHe HHTerpajia h3 (5.6) npn xi = Bocnojibsy- 
eMCH HHTerpajibHbiM npeflCTaBjieHneM h3 [IU]. HojiyHaeM, hto MaccoBaa 
CKopocTb B nojiynpocTpancTBe BbiHHCji5ieTC5i no 4)opMyjie: 



t,^(0.tO = f/„e— (5.7) 

^JI5I HaX0>KfleHH5I BejIHHHHbl (|)aKT0pH3yK)III,eH 4)yHKn,HH B Hyjie BOC- 

nojibsyeMCH Tenepb 4)opMyjiOH 4)aKTopH3ai],HH flHcnepcHOHHOii 4)yHK- 
ii,HH [10]: \{z) = \ooX{z)X{—z)^ vj\Q Aoo = A(oo) = SaMenaa, 
HTO A(0) = 1 — ioji, HaxoflHM: X^(0) = A(0)/Aoo = 1 + iv/uj. CorjiacHO 
(5.7) SHaHGHHe CKopocTH rasa y ctghkh paBHo: 



yjui + ^(1 + Qo) 

SnaHeHHe pasMepnoH CKopocTH Henocpe/],CTBeHHO y CTenKH ^aeTca bbi- 
pa>KeHHeM: 

Uy{Q,t) = wo|^|e-^"^*^-^°, (^0 = arg^. (5.8) 

OopMyjibi (5.5) H (5.8) mojkho oST^eflHHHTb b o^Hy: 

w,(0, t) = wol^^le-^^i^^-'^-, X = 0, 1. 

6. O rH;],PO;],HHAMHHECKOM XAPAKTEPE PEmEHH5I 

noKa>KeM, HTO npH Majibix cji pemeHne (5.3) nepexoflHT b pemeHne, 
npHBe^eHHoe b [TT]: 

^ = woe-^/V(^/^-^0. (6.1) 

3flecb 5 = A/2z/fc/a;, z/^ - KHHeMaTHnecKasi bhskoctb rasa. Oopiviyjia 
(6.1) BbiBeflena flji5i cjiynaH cnjioniHOH cpe/],bi b cjiynae, Kor/],a orpaHH- 
HHBaioinaH cpe^y njiocKOCTb coBepmaeT rapMOHHHecKHe KOJie6aHH5i no 
saKony Usit) = uqc^'^^^. 
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BocnojibsyeMCH (J^opMyjioft (5.3). HpH Majibix ui nyjib flHcnepcHOH- 
HOH 4)yHKii,HH r/o — > oo, cjie;],OBaTejibHO, HHTerpaji no nenpepbiBHOMy 
cneKTpy 5iBji5ieTC5i Hcnesaioine MajibiM. ^ajiee saMeTHM, hto ri^Xijio) = 
e^^'^°\ a npH 6ojibmHx SHaneHHii |?7o| HHTerpaji V{rjQ) HcnesaeT npn Ma- 
jibix cji. SnaHHT, npH cji — > CKopocTH rasa nojiynaeM Bbipa>KeHHe 

Uy{xi, ti) = woe-^'^i^^e-^i/^". (6.2) 

3/];ecb uj\ti = cut, xi = v^/Px. HpH Majibix uji nyjisi ^Hcnep- 
CHOHHoii 4)yHKi],HH HMeeM! r/o = (1 + z)/(2y/cji). riosTOMy Bbipa>KeHHe 
(6.2) npeo6pa3yeTC5i cjieflyiomnM o6pa30M: Uy{x,t) = woe^*^*e^^^/'^'^°. 
SaMenasi, hto p^jisi HcnojibsyeiviOH BTK-MopfijiK KHHeTHnecKoro ypabne- 
t/P = 2z/fc, flajiee nojiynaeM: 

lyy/^ v^2Vwr 1 - z 1 - z 1 - ^ 



3to osHanaeT, hto Uy{x,t) = wge^^'^^e^*^^^*''^/'^, hto b tohhocth coBna- 
flaeT c Bbipa>KeHHeM (24,5) h3 [17]. 

7. CHJIA TPEHH5I, AEHCTByK)IU,A5I HA K0JIEBJIK)IU,yK)C5I 

rPAHHIJ,y 

KoMnoneHTa Tensopa b5I3khx Hanp5i>KeHHH, npHxoflHmaara na e;],HHHi],y 
njioiii,a/],H KOJie6jiK)iii,eHC5i rpaHHi],bi, BbiHHCJiHeTCH no (J)opMyjie 

a^^yit) = m J VxVyf{t,0,v)(fv. (7.1) 

Corjiacno [TT] cnjia TpenH5i (npHxofl5m],a5iC5i na e/],HHHn,y njiom,aflH) , ^en- 
CTByK)m,a5i co CToponbi rasa na njiacTnny, pabna Fs{t) = —axy{0,t). 
HosTOMy corjiacno (7.1) 

oo 

F^{ti) = -e-'""'^'^ I e-^''iih{0,ii)dii, p = nkT. (7.2) 
V'^ J 



-oo 



rioflCTaBnM B (7.2) pasjio^Kenne (3.1). HojiynaeM, hto 

oo 

F,{ti) = -lUJie-'^^'^^ Lr/o + / r/a(r/)tiT/l . (7.3) 
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PaccMOTpHM cjiyHaii, Korj^a. HH^eKC 3a/],aHH paBen eflHHHii,e. rioflCTaBHM 
B (7.3) K034)4)Hi],HeHTbi flHCKpeTHoro H HenpepbiBHoro cneKTpoB: 



oo 





Tenepb BOcnojibsyeMCH HHTerpajibHbiM npe^CTaBjieHHeM (3.16). Torp^a 
cooTHomeHHe (7.4) npeo6pa3yeTC5i k brpj: 

riycTb Tenepb HH^eKC sa^aHH paBeHH nyjiio. Tor/],a h3 4)opMyjibi (7.3) 
nojiynaeivi: 

oo 

2UopiiOie~^^'^^^ 1 f sin ({r])dr] 



1 + Qi 7cJ X{t]) 



Hojibsysicb npeflCTaBjieHHeM (3.17), OTCiofla nojiynaeM: 



OopMyjibi (7.5) H (7.6) mojkho o6T.eflHHHTb b o^Hy: 

F,{ti) = -F^e-'^'''''-'^-\ X = 0, 1. (7.7) 
B (7.7) Fs - MOflyjib CHjibi TpeniM, (p^ - cj\BRr ee 4)a3bi, 

\uji{Vi - r]oK)\ TT ,r) \ n 1 

— \l^0 I — ' '/^^ = ^^g(^i~^o>f)-2-arg(l+Q^), x = 0,l. 

8. CHJIA TPEHH51 KAK OyHKll,H51 HHCJIA KHYflCEHA 

BbefleM HHCJio KnyflceHa KaK OTHomeHHe Kn = 1/6^ rjie I - cpepr 
H5I5I fljiHHa CBo6oflHoro npo6era rasoBbix MOJieKyji, 6 BBeflena b n. 6. 
Bbi6HpaH flJiHHy CBo6o/],Horo npo6era corjiacHO HepHHHb5iHH [12] KaK 
/ = \/7r^?7//9, 7/ - flHHaMHHecKa5i B5i3KOCTb rasa, nojiynaeivi, hto 
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3aMeHaj5, hto 2z//s = = t//3, Haxo^HM, hto 



Kn 



HafifleM Bbipa>KeHHe chjibi TpeHHH b rH;],poflHHaMHHecKOM npej^ejie^ T.e. 

npH a; — > 0. B 3tom npe^ejie nyjib /],HcnepcHOHHOH (|)yHKi],HH nepexoflHT 

1 + i 

B Bbipa>KeHHe ijq = , a K034)(J)Hii,HeHT Vi — )• r^e Vj" ~ bcjikhh- 



Ha, nponopLi,HOHajibHa5i K034)(|)Hi],HeHTy HSOTepMH^ecKoro CK0Jib:>KeHH5i 
H3 saflaHH KpaMepca o6 HSOTepMH^ecKOM CKOJib>KeHHH, 



TT 



arcctg 



Anfr 



s r 



TT 



dr = 1.016. 



/^jiH CHjibi TpeHHH B rHflpoflHHaMHHecKOM npe^ejie (onycKasi ^jiHTejib- 
Hbie BbiKjiaflKH) nojiyHaeivi: 



-i(a;iti+7r/4) 



X 



Kn -(1 



X 



KnVi° 



1 + 2- — ^y2e-W4rKn -(1 - ^)^KnV°l 
q 

HjiH, B BHfle OTpesKa p5ifla no CTenen^^M nncjia Kny^cena, 



Fsih) = -2J -Uope-'^-^'^+^/'^ 



Kn -(1-^) 



9 



q 



(8.1) 

BbMCHHM CBHSb (|)opMyjibi (8.1) c npeflbiflyn],HM pesyjibTaTOM [S], r^e 

paccMOTpen rnflpoflHHaMHHecKHft pe>KHM co CKOJib>KeHHeM. flji5i 3Toro 

2 

BBeflGM BejIHHHHy L = C„^ Kn , Tfl^e Cm = —J=yi ~ K034)4)Hn,HeHT H30- 
TepMHHeCKOrO CK0JIb>KeHH5I, HafifleHHblH HepHHHbHHH [12], H paCCMOT- 

pHM cjiyHaii L <C 1. B 3tom cjiy^ae (|)opMyjia (8.1) npeo6pa3yeTca k 
BH^y: 



Fs{ti) = -UopV2^ 



i-a 



L + 



1-9 
9 



\pKUJT 



^-i(wiii+7r/4) 



(8.2) 
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SaMeTHM, HTO eCJIH 0603HaHHTb 

r I 

L\ = y'TTLOT, 

Q 

TO 



l-(l-z)(L+Li) = - 2(i^ + Li) + 2(L + Li)2 exp f^arctg- ^ ^ 

V 1 — — L/i 

ripH ycjiOBHH, HTO L<C 1,T. G. L<C1hLi <C 1, OTCiofla nojiyHaeM, hto 
1 + (1 — 'i)(L + Li) = (1 — L — Li)e^^^^^^\ Cjie^OBaTejibHO, corjiacHO 
(8.2) nojiyHaeM: 

F,{ti) = -UopV2^il -L- L^)e-'^-^ih+7r/4-L-L^)_ ^g_3^ 
HeTpy^HO saMeTHTb, hto STa (|)opMyjia b tohhocth coBna^aeT c 4)op- 

MyjIOH 



H3 flHccepTai],HH [Bj, ecjiH nojio>KHTb B (8.3) g = 1, T. e. Li = 0. 
9. CBOBO;],HO M0JlEKyjl5IPHbIH PE>KHM 
PaccMOTpHM cjiyHafi, Kor^a HH^eKC sa^aHH paben nyjiio h cji ^ 1, 

HJIH, HTO SKBHBajieHTHO yCJIOBHK) Kn ^ 1, T. e. CB060flH0 MOJieKyjIJ^p- 
HblH pe>KHM. B03bMeM Bbipa>KeHHe (7.7) P^JISI CHJIbI TpeHH5I. PaCCMOTpHM 

Bbipa>KeHHe p^ji^i K034)(|)Hii,HeHTa Vi: 

oo 


Ymho^khm 3T0 pabGHCTBO Ha iui H npeflCTabHM ero b 5ibhom BH^e: 

oo 

. -f. 1 /" 1 -^wi + Ao(r) +zs(r) 
zwil/i = — — / wi m —dr. 

ZTT J -lui + Ao(r) - ?s(r) 



Pa3Jio>KHM no CTeneH5iM co^^ noflbiHTerpajibHyio 4)yHKii,HK) h orpaHH- 
HHMC5I nepbbiMH TpeM5i HjienaMH: 

, —iuJi + Xo(r) + is(r) ^ , . 2i , , ^ , . 2r/s,9/s 
—lUJi + Ao(rj — isyr) uji uji 6 
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OTCiOfla nojiyHaeM, hto 

iuj^Vi = 0.282 - —0.053 - ^0.022. 

rioflCTaBHM 3T0 pa3Jio>KeHHe B cooTHoniGHHe (7.7), nojiyHaeM, hto CHjia 
TpeHH5i B 3T0M pe>KHMe paBHa: 

, ... .u,f 0.282 - ^a;r^0.053 - cjr20.022 

^ ^ g + 2v^(l - g)[0.282 - iLu^^OmS - a;f2o.022] 

10. MOIU,HOCTb flHCCHnAIJ,HH 3HEPrHH 
PaccMOTpHM Bonpoc o /],HCCHnai],HH SHeprHH KOJie6jiK)meHC5i njiacTHHbi. 

PaCCMOTpHM MOmHOCTb /],HCCHnaiI,HH SHGprHH, T.G. BejIHHHHy /],HCCHna- 

ij,HH SHeprHH B eflHHHii,y BpeivieHH, npHxoflsimyioca na e/],HHHii,y njioma^H 
K0Jie6jiK)meHCH njiacTHHbi. 

OopMyjiy (7.7) p^jisi chjibi TpeHH5i upepfiTaBRM b bh^g Fs{ti) = — e^*'^i*i 
rfle 

= ^ ^cJi(Vi - y/ox), x = 0,l. 

CorjiacHO [IB] ycpe;],HeHHa5i no BpeivieHH Mom,HOCTb flHCCHHaH,HH sneprnn 
BbiHHCJiHeTca no 4)opMyjie 

W = ^Re (uoK) = ^ Re (10.1) 

B (JiopMyjie (10.1) SBesflonxa (*) osnanaeT KOMnjieKcnoe conp5i>Ke- 
nne. 

OopMyjiy (10.1) npe^CTaBHM b 5iBnoM Bn^e: 

iuJi{Vi - t]qk) 



I - q 

1 + 2^/7T icJiCVi - r]oK). 

Q 



10.2) 



rfle 

ITpoBefleM KpaTKHH rpa4)nnecKnH anajins nojiynennbix pesyjibTaTOB. 
KpnBbie 1,2,3 na 4)nrypax 1-4 OTBenaiOT snaHeHHHM K034)4)nn,nen- 
Ta aKK0M0flan,nn q = 1,0.75,0.5, a na 4)nrype 5 - snanennaM q = 
1,0.5,0.25. 
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SaBHCHMOCTb BejiHHHHbi aMnjiHTyflbi H cflBHra 4)a3bi CKopocTH ra- 
sa OT HacTOTbi K0Jie6aHHH orpaHHHHBaKDmeH ras njiocKOCTH Henocpe/i,- 
CTBeHHO y CTeHKH H3o6pa>KeHa cooTBeTCTBenHO na 4)Hr. 1 h 2. 

SaBHCHMOCTb BejIHHHHbl aMHJIHTyflbl CHJIbI TpCHHSI OT HaCTOTbl KOJIC- 

6aHHH orpaHHHHBaiomeH ras hjiockocth H3o6pa>KeHa na 4)Hr. 3. 

SaBHCHMOCTb BejIHHHHbl CpfiUFQ: 4)a3bl CHJIbI TpeHH5I OT HaCTOTbl Orpa- 

HHHHBaioni,eH ras hjiockocth HSo6pa>KeHa na (J^nr. 4. 

SaBHCHMOCTb MOni,HOCTH flHCCHHan,HH SHCprHH OT HaCTOTbl K0Jie6a- 

HHH orpaHHHHBaioni,eH ras HjiacTHHbi corjiacHO (10.2) HSo6pa>KeHa na 
4)Hr. 5. 

SAKJIIOMEHHE 

B HacT05ini,eH pa6oTe c4)opMyjiHpoBaHa h pemena anajiHTHHecKH BTopaa 
sa^ana CTOKca — sa^ana o HOBefleHHH paspe^KCHHoro rasa, sannMaio- 
mero HOJiynpocTpancTBO na/i, ctchkoh, coBcpmaiomeH rapMonnnecKHe 
KOJie6aHH5i. PaccMaTpHBaiOTCH aKKOMOflan,HOHHbie rpannnHbie ycjiOBH5i 
MepHHHb5iHH. HcH0JibsyeTC5i ypaBHCHHC, HOJiyHCHHoe B pesyjibTaTC jih- 
HeapHsan,HH MO^ejibHoro KHHCTHnecKoro ypaBHeHH5i Bojibn,MaHa. Ha oc- 
HOBC anajiHTHHCCKoro penieHHH HOCTpocHbi 4)yHKH,H5i pacHpeflejieHHH h 
CKopocTb paspe^KCHHoro rasa b HOJiynpocTpancTBC h HeHOcpe;],CTBeH- 
Ho y CTCHKH. BbMCHGH rHflpoflHHaMHHecKHH xapaKTcp CKopocTH rasa. 
0TbiCKHBaeTC5i TaK>Ke CHjia Tpennsi, fleHCTByioni,a5i co CTopoHbi rasa na 
HjiacTHHy. Cnjia Tpenn^i npeflCTaBjiena b bh^c OTpesKa p^i^a ho HHCJiy 
Knyflcena, a TaK>Ke HCCjie^OBana b cboGo^ho MOJiCKyjisipnoM pe>KHMe. 

HaKOHCH,, HaHflCHa MOH^HOCTB flHCCHHaH,HH SHCprHH, HpHXOfl5ini,a5IC5I Ha 

e/],HHHH,y Hjioni,aflH KOJie6jiion],eHC5i rpaHHH,bi. 

B flajibHeftmeM aBTopbi naMepenbi peniHTb anajiHTHHCCKH BTopyio 
sa^any CTOKca c HCHOJibsoBaHHCM KHHCTHHCCKoro ypaBHCHHsi IIJaxoBa 

[IB] HJIH SJIJIHHCOHflajIbHO-CTaTHCTHHeCKOrO ypaBHCHHSI [12], HpHBOflH- 

n];Hx K HpaBHjibHOMy HHCjiy IIpaHflTjisi. 
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Onr. 1. 




Ohr 2. 




Ohr 4. 
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Ohr 5. 
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